Digital competences should be considered in teacher education and professional development. The Technological Pedagogical Content Knowledge (TPACK) framework represents the knowledge required by teachers in order to successfully integrate technology into the teaching process. The Survey of Pre-service Teachers' Knowledge of Teaching and Technology (SPTKTT) is one of the inventories developed to measure the TPACK framework. The aim of this study is to validate the SPTKTT inventory in the context of the Croatian education system by the use of exploratory and confirmatory factor analysis. Results showed that the new context structure of the SPTKTT inventory consists of nine factors, while confirmatory factor analysis established that the two Content Knowledge factors can actually be unified. This can be explained by differing content organization in education systems. There were also differences in the distribution of some of the remaining factors. Internal consistency of the inventory shows high reliability.
Introduction
The development of education in the 21st century has displayed the importance of technology in improving the learning and teaching processes. Digital knowledge sources are now more accessible to all, and the introduction of information and communication technology (ICT) and new digital educational content requires teachers, counselors, mentors, and trainees to master the ability to introduce new approaches. Therefore, uninterrupted professional development is imperative for all second is elementary education, beginning with enrollment into the first grade. It is compulsory for all children, and in general, it begins at the age of six and lasts for eight years. It is divided into two stages: grades one to four, when the students generally have one teacher, and grades five to eight, when students change teachers for each subject. Subjects areas covered in grades one to four are Croatian language, Mathematics, Nature and Society, Visual and Music Art, and Physical Education. The third education category is secondary education. After completing elementary school, students have the opportunity to continue their education voluntarily in secondary schools. They are, depending on the type of educational program, divided into high schools, vocational schools, and artistic secondary schools. State graduation exams are obligatory for high school students, but may be taken by students of other schools as well. The final category is higher education, where students are enrolled at the desired institution on the basis of their State graduation exam results [12] .
Though education in the United States may vary some at the state level, it is generally organized into three principal categories. The first is elementary school, which is compulsory and begins at the age of five or six in most states and lasts to 12 or 14 years of age. Subject areas learned at this educational stage are Language Arts, Mathematics, Social Studies/Citizenship, Science, Visual and Music Arts, and Physical Education. Secondary school begins at the fourth or ninth grade, depending on the duration of the previous education level, and leads to the high school diploma. Higher education, the final category, is diverse. High school graduates who decide to continue their education may enter a technical or vocational institutions, a two-year college, or a four-year college or university [13] .
Due to the distinctions within the educational systems, particularly concerning the subject areas studied at the elementary stage, factor analysis was conducted to determine possible differences in factor structure.
This research validates the SPTKTT inventory carried out by exploratory and confirmatory factor analysis in the Croatian education system context and aims to address the following questions:
1. What factors of the TPACK are perceived by Croatian students of primary education study programs (pre-service teachers) when the SPTKTT inventory is being used? 2. Do differences in educational systems affect the factor structure of the TPACK framework measured by the SPTKTT inventory?
Technological Pedagogical Content Knowledge Framework
As noted above, Koehler Koehler and Mishra [3] explained each of the domains and their intersection in the following way:
 Content knowledge (CK) is teachers' understanding concerning the subject matter to be learned or taught, and it is of critical importance. This knowledge includes concepts, theories, ideas, organizational frameworks, evidence, and proof, as well as established practices and approaches for instruction concerning the topic. It is pivotal that educators understand the deeper fundamentals of the disciplines that they teach.  Pedagogical knowledge (PK) is teachers' understanding concerning the processes, practices, and methods of teaching and learning. This form of knowledge applies to understanding how students learn, general classroom management skills, lesson planning, and student assessment. A teacher with in-depth pedagogical knowledge understands how students learn, what is required for skill acquisition, and ways to ensure the development of good mental habits and a positive disposition toward learning.  Pedagogical Content Knowledge (PCK) is similar to Shulman's idea of pedagogy, in that it is applicable to the teaching of specific content. In this context, the notion of the "transformation" of a subject matter for teaching is very important. This transformation occurs as the teacher interprets the topic, finds multiple ways to represent it, and adapts and tailors the instructional materials to alternative concepts and students' prior knowledge.  Technology Knowledge (TK), due to its nature, is difficult to define without the danger of that definition becoming outdated. According to the TPACK framework, this kind of knowledge requires a broad understanding of information technology, with the ability to apply it productively at work and in daily life, recognize when it can assist or impede the achievement of a goal, and continually adapt to its changes.  Technological Content Knowledge (TCK) is an understanding of how technology and content influence and constrain one another. Teachers need to master more than the subject matter they teach; they must also have an indepth understanding of the manner in which the topic can be changed by the application of particular technologies. Teachers need to understand which specific technologies are best suited for addressing subject-matter learning in their domains.  Technological Pedagogical Knowledge (TPK) is an understanding of how teaching and learning can change when technologies are used in specific ways. TPK is particularly important because most popular software programs are not designed with education in mind. Teachers need to develop skills to look beyond common uses for technologies, reconfiguring them for customized pedagogical purposes. Thus, TPK requires an innovative and open-minded use of technology for the sake of advancing student learning.  Technological Pedagogical Content Knowledge (TPACK) is an understanding that emerges from interactions among content, pedagogy, and technology knowledge, building upon an understanding of all three individual concepts. TPACK is the basis of truly effective and skilled teaching with technology, requiring an understanding of the concepts that utilize it. It encompasses pedagogical techniques that use technologies in constructive ways to teach content; an understanding of how to integrate technology to address possible learning difficulties; an assessment of students' prior knowledge and theories of epistemology; and the ability to use technologies to build on existing knowledge, developing new methods or strengthening previous ones. The TPACK highlights knowledge transformation. Teachers rely on it when designing and implementing curriculum to guide learning with digital technologies in various content areas [14] .
Literature Review
The most significant contributions of the TPACK framework are in the field of teacher education and continuous professional development.
The instructional techniques and other factors that influence the development of technological knowledge have been investigated in recent literature. Learning by design appears to be an effective instructional technique to develop a deeper DOBI BARIŠIĆ, DIVJAK AND KIRINIĆ EDUCATION SYSTEMS AS CONTEXTUAL FACTORS … understanding of the complex web of relationships between content, pedagogy, technology, and the contexts in which they function [15] . According to Kushner, Benson, Ward, and Liang [16, p. 16] , it is clear that technology cannot be considered an isolated solution for transforming education. Their research supports the premise that PK and TPK are key factors to the development of TPACK, even more so than extensive technology skills training. Professional development focused solely on the development of technology knowledge will not lead to effective integration. If narrow technology training is carried out in order to successfully integrate it into the teaching process and these initiatives fail, most look to the technology as the point of breakdown. However, it is usually the absence of pedagogical, content, or implementation strategies that leads to the lack of perceived success. Since the TPACK framework is pedagogically free [17] , it is important that TPACK-based professional development for teachers is flexible and inclusive enough to accommodate the full range of teaching philosophies, styles, and approaches [18] .
One of the significant limitations of the TPACK framework is that it is neutral with respect to the broader goals of education. For instance, the TPACK framework does not address what kind of content needs to be covered and how it should be taught [19] . Hence, the TPACK framework can be used for different pedagogical approaches [17] . Koehler et al. [19, p. 109 ] emphasized the need for development in the area of measuring how TPACK works in different disciplinary contexts, while Valtonen et al. [17] distinguished two main challenges related to the available instruments; namely, psychometric features and the nature of pedagogical knowledge. Several TPACK measurement instruments have been developed. Their factor structure had been determined, and ten of them are shown in Table 1 .
Despite the construct validity of the TPACK framework being established, Drummond and Sweeny [20] wanted to explore whether the self-reported knowledge assessed by the TPACK scales might be supplemented by pre-service teachers' objective knowledge in sub-areas of TPACK. After completing the TPACK-deep survey [21] , a series of statements about technology use for teaching was rated on a six-point scale, with one indicating certainty that the statement is false and six indicating certainty that the statement is true. The results suggest that the subjective knowledge assessed by the TPACK scale (TPACK-deep) could be supplemented by the inclusion of objective indices of technological pedagogical and content knowledge to form a more complete picture of pre-service teachers' TPACK.
Rosenberg and Koehler [11] note that some researchers have used TPACK measurements to confirm the proposed TPACK framework structure with seven domains, as represented in Fig. 1 , while others have found support for fewer components. Different studies resulted in various numbers of factors extracted during the exploratory factor analysis: three [22] , [23] ; four [24] ; five [8] , [25] , [26] , [27] ; six [17] ; seven [7] , [28] ; eight [29] ; and nine [10] (Table 1) . A problem often encountered in the TPACK survey research is the merging of factors during statistical analyses for construct validation [10] .
The authors of the SPTKTT inventory [7] conducted an exploratory factor analysis over the inventory items and confirmed the factor structure with high factor loadings and Cronbach α coefficient values. Validation of the SPTKTT has been questioned because the process of validation was conducted separately for each of the seven domains of TPACK [8] . [32] suggest that the sample size should be higher than the number of variables by 51. All of the sample size recommendations above are fulfilled with the sample used in this study.
Measurement Instrument
The Survey of Preservice Teachers' Knowledge of Teaching and Technology [7] is a 47-item Likert type scale survey with items (T1 -47) that includes 10 subscale measures for each TPACK domain, including four subscales for different areas of content knowledge (Literacy, Social Studies, Mathematics, and Science) (Appendix A). Participants rated their agreement with each item on a 5-point Likert type scale (5 = strongly agree, 4 = agree, 3 = neutral, 2 = disagree, 1 = strongly disagree). The measure of TPACK domains used in this study represents participants' selfassessment of their knowledge. Schmidt et al. described the development and validation of this instrument and reported Cronbach's α coefficients for the subscales ranging from .75 to .92. The survey was developed specifically for use with students of the primary and/or early childhood education (pre-service teachers). It included multiple subscales to assess perceived content knowledge in all areas that the students would potentially be teaching in their future classrooms, including Mathematics, Science, Social Studies, and Literacy [33] .
The SPTKTT focuses on very general pedagogical themes [17] and was used in this research because of the generic nature of the items, since the sample consists of students of elementary and/or early childhood education attending different study programs and courses.
The original SPTKTT inventory was written in English. For the research presented here, it was translated into Croatian using the double-translation method and was proof-read.
Inventory Validation

Exploratory Factor Analysis
Considering the variations in the Croatian and American education systems, an exploratory factor analysis (EFA) was conducted to find out potential differences in factor structure. The exploratory factor analysis was carried out on the basis of all 47 items.
According to Norman [34] , parametric statistics can be applied to data obtained on a Likert scale, regardless of a small sample or a distribution that is abnormal or contains uneven variance.
In the course of factor extraction, a principal components analysis was used, as well as varimax normalized rotation for the purpose of an easier dimension interpretation. In order to determine the number of factors, a Kaiser criterion of eigenvalues > 1 was used [35] . The usage of Kaiser criterion resulted in the extraction of nine factors which explain 67.9% of the variance ( Table 2) .
For the data interpretation, only factor loadings higher than 0.32 were considered [36, p. 654] . Table 3 shows factor loadings for each item in relation to nine factors after applying varimax normalized rotation. Table 3 . Factor loadings for all items of SPTKTT inventory after varimax normalized rotation Items T1-T7 (Technological Knowledge), T20-T26 (Pedagogical Knowledge), T27-T30 (Pedagogical Content Knowledge) and T31-T34 (Technological Content Knowledge) were distributed in the same way as in the EFA that was conducted by the authors of the inventory. Items T8-T19 were distributed among three factors, varying from the inventory authors' EFA ,where these items were loaded into four factors. Items T35-T43 were loaded into one factor (Technological Pedagogical Knowledge), as well as items T44-T47 (Technological Pedagogical Content Knowledge). Items T40-T43 were also loaded into the Technological Pedagogical Content Knowledge factor but with lower factor loadings.
Confirmatory Factor Analysis
Confirmatory factor analysis was carried out with the help of the structural equation modelling software LISREL 9.2.
There are different fit indices that indicate a good fit between the theoretical model and empirical data. A review by McDonald and Ho [37] states that the most frequently cited fit indices are the comparative fit index (CFI), goodness of fit index (GFI), normed fit index (NFI), and nonnormed fit index (NNFI). Although GFI is one of the most frequently cited fit indices, research has indicated its inconsistency. Combining a large number of degrees of freedom (df) regarding the sample size, the GFI yields lower values [38] , whereas its value goes up with bigger samples [39] .
In order to confirm a good fit between the model and the data, Hu and Bentler [40] suggest a combination of two indices, one of which is always standardized root mean square residual (SRMR) ( ≤ 0,09), and the other NNFI ( ≥ 0,96), ), root mean square error of approximation (RMSEA) (≤ 0,06), or CFI ( ≥ 0,96). Kline [41] states that one should be sure to include the Chi-Square test (χ2), RMSEA, CFI, and SRMR when citing fit indices. In addition to these, Hooper and his associates [42] suggest citing degrees of freedom (df) and the p-value, along with RMSEA, its confidence interval, and the parsimonious normed fit index (PNFI), because stated indices are the least sensitive to the size of the sample, nonspecificity of the model, and estimation parameters.
After the confirmatory factor analysis had been carried out, modification indices suggested the addition of error covariance among certain variables in order to improve fit indices (Figure 2 ). Only error covariance among variables belonging to the same factor was taken into account. These changes helped to improve the fit indices.
Correlations between subscales of the SPTKTT inventory suggest that the most significant overlapping occurs between the PK and PCK -0.829; TCK and TPK -0.720; TPK and TPACK -0.714 (Table 4 ).
The fit indices of model and empirical data are the following: χ2 = 2117.1, p = 0.0000, df = 994, χ2/df =2.13, RMSEA = 0.0579 with confidence interval (0.0545; 0.0613), SRMR = 0.0591, CFI = 0.889, PNFI = 0.745.
Regarding RMSEA ≤ 0.06 and SRMR ≤ 0.09, according to Hu and Bentler [40] , these empirical data fit well into the proposed factor structure through which this model was confirmed. 
Reliability
Internal consistency is represented by the use of Cronbach α coefficient in relation to the items and dimensions of the inventory. Table 5 represents the Cronbach α coefficients for the entire inventory, including items and the subscale. Cronbach α coefficients are greater than 0.9 (0.9093 -0.9328) for observed items, the subscale, and the overall scale, which suggests high reliability of the SPTKTT inventory.
Discussion and Conclusion
The main aim of the research presented in this paper is to validate the SPTKTT inventory in the context of the Croatian educational system by the use of exploratory and confirmatory factor analysis.
In order to answer research question one (as stated in the introduction), an exploratory factor analysis was carried out on the subscales and items of the SPTKTT inventory, indicating the structure of the nine factors which are: The exploratory factor analysis confirmed that items T35-T39 are deployed within theTechnological Pedagogical Knowledge factor and items T40-T47 within the Technological Pedagogical Content Knowledge factor. In this research, items T40-T43 were located within Technological Pedagogical Knowledge; they were also loaded within the Technological Pedagogical Content Knowledge factor but with lower factor loads. These results are very close to the results of the exploratory factor analysis of the SPTKTT questionnaire conducted by Ritzhaupt et al. [9] , where all items that represent Technological Pedagogical Knowledge and some items that represent Technological Pedagogical Content Knowledge were loaded into the same factor. This points to a deficiency in the questionnaire structure, particularly regarding items that should represent the Technological Pedagogical Knowledge and Technological Pedagogical Content Knowledge domains.
In order to answer to research question two, the variation in the factor structure among this research and that conducted by Schmidt et al. [7] can be explained by the different organization of content within the subjects in American and Croatian schools. The T8-T19 items were deployed within three factors, unlike the exploratory factor analysis conducted by the authors of the questionnaire, where they were deployed within four factors. The rationale for such a different factor structure probably lies in the differences in the education systems the respondents attend. In the USA, school subjects, according to their content, are Mathematics, Science, Social Sciences, and Literacy, while in Croatia, they are Mathematics and Literacy (named Croatian Language), and Social Sciences and Science are combined into one subject (named Nature and Society). Therefore, it is understandable that the items of Social Sciences Content Knowledge and Science Content fall under one factor.
Confirmatory factor analysis validated the empirical data and theoretical model. The reliability of the SPTKTT inventory was shown using Cronbach α coefficient. The results indicate a high level of reliability for all subscales and items of the inventory, which corresponds with existing results [7] .
Possible limitations of the research can be observed in the form of an inventory that represents self-reported measures and a sample that is not representative. There is also a strong indication that the theoretical framework may not fit different education systems. Though it does have practical value, since the instrument is content neutral, it may be challenging to organize its generic items into concrete domains and evaluate knowledge that is not solely self-reported.
Future research related to this issue should include the development of an instrument that is not based only on self-assessment measures. Such an instrument should be able to objectively determine the level of knowledge that teachers have in applying technology to education. Since the method used in this research is a selfreporting measure, it would be interesting to explore how an instrument that objectively examines the teacher's knowledge of applying technology correlates with that of a self-assessment. I have sufficient knowledge about literacy.
T18.
I can use a literary way of thinking.
T19.
I have various ways and strategies of developing my understanding of literacy. PK (Pedagogical Knowledge) T20. I know how to assess student performance in a classroom. T21. I can adapt my teaching based-upon what students currently understand or do not understand. T22. I can adapt my teaching style to different learners. T23. I can assess student learning in multiple ways. T24. I can use a wide range of teaching approaches in a classroom setting. T25. I am familiar with common student understandings and misconceptions. T26. I know how to organize and maintain classroom management. PCK (Pedagogical Content Knowledge) T27.
I can select effective teaching approaches to guide student thinking and learning in mathematics.
T28.
I can select effective teaching approaches to guide student thinking and learning in literacy.
T29.
I can select effective teaching approaches to guide student thinking and learning in science.
T30.
I can select effective teaching approaches to guide student thinking and learning in social studies. TCK (Technological Content Knowledge) T31. I know about technologies that I can use for understanding and doing mathematics. T32. I know about technologies that I can use for understanding and doing literacy. T33. I know about technologies that I can use for understanding and doing science. T34. I know about technologies that I can use for understanding and doing social studies. TPK (Technological Pedagogical Knowledge) T35.
I can choose technologies that enhance the teaching approaches for a lesson.
T36.
I can choose technologies that enhance students' learning for a lesson.
T37.
My teacher education program has caused me to think more deeply about how technology could influence the teaching approaches I use in my classroom.
T38.
I am thinking critically about how to use technology in my classroom. I can use strategies that combine content, technologies and teaching approaches that I learned about in my coursework in my classroom.
T42.
I can provide leadership in helping others to coordinate the use of content, technologies and teaching approaches at my school and/or district. T43.
I can choose technologies that enhance the content for a lesson. TPACK (Technology Pedagogy and Content Knowledge) T44.
I can teach lessons that appropriately combine mathematics, technologies and teaching approaches. T45.
I can teach lessons that appropriately combine literacy, technologies and teaching approaches.
T46.
I can teach lessons that appropriately combine science, technologies and teaching approaches.
T47.
I can teach lessons that appropriately combine social studies, technologies and teaching approaches.
